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Objectives.We conducted a systematic review to determine the incidence of postoperative incision hernia in patients with
abdominal aortic aneurysm compared to those with aortoiliac occlusive disease.
Methods. Studies which compared the incidence of postoperative incision hernia in patients with abdominal aortic aneu-
rysm and aortoiliac occlusive disease undergoing midline incision for arterial reconstruction were identified. MEDLINE
was searched for articles published between January 1966 and September 2005.
Results. Our search identified seven studies including data on 1132 patients, 719 with abdominal aortic aneurysm and
413 with aortoiliac occlusive disease. Pooled analysis demonstrated that patients with abdominal aortic aneurysm
had a 2.9-fold increased risk of inguinal hernia (odds ratio 2.85, 95% confidence interval 1.71e4.77, p< 0.0001), and
a 2.8-fold risk of incisional hernia (2.79, 1.88e4.13, p< 0.0001). Adjusting for other known risk factors patients with
aortic aneurysm had a 5-fold increased risk of incisional hernia (5.45, 2.48e11.94, p< 0.0001).
Conclusions. Patients with abdominal aortic aneurysm appear to have an approximately 3-fold increased risk for both
inguinal and postoperative incision hernia compared to patients with aortoiliac occlusive disease. A large multi-centre
prospective study is needed to confirm the results of this review.
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It has been suggest that given the extracellular matrix
defects in abdominal aortic aneurysm (AAA) patients
with this condition would be more prone to hernia
formation.1 The reported incidence of postoperative
incision hernia in patients with AAA or aortoiliac
occlusive disease (AOD) varies from 10% to 37% for
AAAand 3% to 17% forAOD.2We conducted a system-
atic review to determine the incidence of postoperative
incision hernia in patients with AAA and AOD.
Methods
Search strategy
All studies which compared the incidence of postoper-
ative incision hernia in patients with AAA and AOD
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construction were identified using a 2-level search
strategy. First, a public domain database (MEDLINE)
was searched using a Web-based search engine
(PubMed). Second, relevant studies were identified
through a manual search of secondary sources includ-
ing references of initially identified articles. The MED-
LINE database was searched for articles published
between January 1966 and December 2005. Keywords
included ‘‘hernia’’ and ‘‘abdominal aortic aneurysm’’.
Study selection
Studies considered for inclusion met the following cri-
teria: The study population was patients with AAA
and AOD undergoing midline incision for abdominal
aortic reconstruction and main outcomes included the
incidence of postoperative incision hernia.
Data abstraction
Data regarding inclusion criteria, study design, dura-
tion of follow-up, the incidence of inguinal hernia andrved.
178 H. Takagi et al.postoperative incision hernia were abstracted (as
available) from each individual study.
Statistical analysis
We conducted a meta-analysis of summary statistics
from the individual studies because detailed patient
data were not available for all studies. Data regarding
the incidence of inguinal hernia and postoperative in-
cision hernia in both the AAA and AOD groups were
used to generate odds ratios (ORs) (<1, favors pa-
tients with AAA; >1, favors patients with AOD) and
95% confidence intervals (CIs). Study-specific esti-
mates were combined using a random-effect model.
Between-study heterogeneity was analyzed by means
of standard c2 tests. Sensitivity analyses were per-
formed to assess the contribution of each study to
the pooled estimate by excluding individual studies
one at a time and recalculating the pooled OR esti-
mates for the remaining studies. To assess the impact
of differential study design on the pooled estimate,
the pooled OR for postoperative incision hernia was
explores separately in prospective and retrospective
studies. Other sensitivity analyses were performed
to assess the contribution of diagnostic modality by
excluding studies with ultrasonography, computed
tomography (CT) scans, or magnetic resonanceEur J Vasc Endovasc Surg Vol 33, February 2007imaging (MRI) and by excluding studies with only
clinical examination. Publication bias was assessed
graphically using a funnel plot and mathematically
using an adjusted rank-correlation test.
Results
Search results
Our search identified seven studies1e7 comparing the
incidence of postoperative incision hernia in patients
with AAA and AOD undergoing midline incision
for abdominal aortic reconstruction. In total, our
meta-analysis included data on 1132 patients, 719
with AAA and 413 with AOD.
Qualitative findings (Table 1)
The seven studies were published between 1995 and
2004. Mean duration of follow-up was similar in
patients with AAA (27.2 m) and AOD (29.3 m). There
was substantial qualitative heterogeneity in trial
design. Three1,2,4 and four3,5e7 studies were prospec-
tive and retrospective, respectively. Patients with
AAA were older (69.1 versus 61.0 years) and more
likely to be male (87.1% versus 78.4%) compared to
patients with AOD.Table 1. Characteristics of the studies
Liapis et al.1 Raffetto
et al.2
Papadimitriou
et al.3
Musella
et al.4
Adye and
Luna5
Holland
et al.6
Hall et al.7 Mean
Year 2004 2003 2002 2001 1998 1996 1995 e
Study design Prospective Prospective Retrospective Prospective Retrospective Retrospective Retrospective e
No. of patients
AAA/AOD 208/73 177/82 63/58 51/63 58/42 34/30 128/65 719a/
413a
Mean age (y)
AAA/AOD 67 71.7b/61.6b 67.6/60.8 60.9c/58.9c 70/63 NA NA 69.1/61.0
Male (%)
AAA/AOD 92.2/95.5 84.2b/64.6b 95.2/96.6 90.2c/84.1c 82.8/50.0 NA 79.7/56.9 87.1/78.4
Mean follow-up (m)
AAA/AOD 63.7 30.8c/36.8c 17.6 48.6 36/38 NA 18.1d/14.3d 27.2/29.3
Fascia
closure/suture
R/A R/Ne R/N R/A/
R/Nf
R/A N N/Ag e
Examination of incision hernia
Clinical Clinical Clinical Clinical/
US/MRI
Clinical Clinical Clinical/CT e
AAA, Abdominal aortic aneurysm; AOD, aortoiliac occlusive disease; NA, not available; R, running closure; A, absorbable suture; N,
nonabsorbable suture; US, ultrasonographic; MRI, magnetic resonamce imaging; CT, computed tomography scans.
a Total.
b p< 0.01.
c Not significant.
d p< 0.05.
e Running sutures were used in 100% and 98.6% of the AAA and AOD groups, respectively, and nonabsorbable sutures were used in
74.1% and 75.3% of the AAA and AOD groups, respectively.
f Running and absorbable sutures were used in the former-half three years, and running and nonabsorbable sutures were used in the
latter-half three years.
g Nonabsorbable sutures were used during the first few years, and absorbable sutures were thereafter used.
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used: running absorbable sutures in the study by
Liapis et al.1 and the study by Adye and Luna;5 run-
ning nonabsorbable sutures in the study by Papadimi-
triou et al.;3 and nonabsorbable sutures in the study by
Holland et al.6 In the study by Raffetto et al.,2 running
sutures were used in 100% and 98.6% of the AAA and
AOD groups, respectively, and nonabsorbable sutures
were used in 74.1% and 75.3% of the AAA and AOD
groups, respectively. In the study by Musella et al.,4
running and absorbable sutures were used in the first
half of the trial, while nonabsorbable sutures were
used in the second half of the study. In the study by
Hall et al.,7 nonabsorbable sutures were used during
the first few years, and absorbable suture in the later
part of the trial.
Presence or absence of postoperative incision her-
nia was based on only clinical examination in five
studies.1e3,5,6 The clinical definition of incisional her-
nia was not stated in four studies1e3,5. While in one
study incisional hernia was defined as protuberance
in the wound apparent with a maneuver which raised
intra-abdominal pressure.6 In the study by Musella
et al.,4 follow-up evaluation included physical exami-
nation plus ultrasonographic examination in all
patients. An MRI examination was also performed
once a year to visualize the aortic grafts and detectfascial defects. In the study by Hall et al.,7 a sample
of abdominal CT scans, performed as part of their
routine surveillance of aortic grafts, were reviewed
in order to assist in identifying the morphologic
characteristics of the ventral abdominal wall defects.
Quantitative findings (Fig. 1)
Five2e5,7 of the seven studies reported the incidence of
inguinal hernia. Three2e4 of them demonstrated a sta-
tistically significant increased risk of inguinal hernia
in patients with AAA. Pooled analysis of the five
studies2e5,7 (representing 787 patients) demonstrated
that patients with AAA had a 2.9-fold increased risk
of inguinal hernia relative to patients with AOD
(25.6% versus 11.9%, OR 2.85, 95% CI 1.71e4.77,
p< 0.0001). There was no heterogeneity of results
( p¼ 0.2254) nor publication bias ( p¼ 0.3272). In sensi-
tivity analyses, exclusion of any single study from the
analysis did not substantively alter the overall result
of our analysis.
We generated crude OR and 95% CI for postopera-
tive incision hernia in all the seven studies. Two2,5 of
the studies demonstrated a statistically significant
increased risk of postoperative incision hernia in
patients with AAA. Pooled analysis of all the seven0.1 1 10 100
Papadimitriou et al3 33.3 / 10.3 4.33 (1.60-11.71)
Musella et al4 39.2 / 20.6 2.48 (1.08-5.69)
Adye and Luna5 19.0 / 4.8 4.68 (0.98-22.38)
Hall et al7 21.9 / 16.9 1.37 (0.64-2.97)
Raffeto et al2 23.7 / 6.1 4.79 (1.82-12.62)
Combined 25.6 / 11.9 2.85 (1.71-4.77)
Papadimitriou et al3 11.1 / 3.4 3.50 (0.70-17.59)
Musella et al4 31.4 / 17.5 2.16 (0.90-5.21)
Adye and Luna5 31.0 / 11.9 3.33 (1.12-9.87)
Hall et al7 10.2 / 3.1 3.56 (0.78-16.28)
Raffeto et al2 28.2 / 11.0 3.19 (1.48-6.87)
Combined 21.0 / 9.8 2.79 (1.88-4.13)
Liapis et al1 16.2 / 7.5 2.40 (0.90-6.45)
Holland et al6 38.2 / 20.0 2.48 (0.80-7.67)
Liapis et al1 3.82 (1.05-13.90)
Musella et al4 7.14 (2.04-25.00)
Holland et al6 6.03 (1.21-30.1)
Combined 5.45 (2.48-11.94)
Inguinal hernia OR (95      CI)
Incision hernia AAA / AOD (   ) Crude OR (95     CI)
Incision hernia Adjusted OR (95     CI)
AAA / AOD (    )
Fig. 1. Meta-analyses of the outcomes. AAA, abdominal aortic aneurysm; AOD, aortoiliac occlusive disease; OR, odds ratio
(<1, favors patients with AAA; >1, favors patients with AOD); CI, confidence interval.Eur J Vasc Endovasc Surg Vol 33, February 2007
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patients with AAA had a 2.8-fold increased risk of
postoperative incision hernia relative to patients
with AOD (21.0% versus 9.8%, crude OR 2.79, 95%
CI 1.88e4.13, p< 0.0001). There was no heterogeneity
of results ( p¼ 0.9907) nor publication bias
( p¼ 0.8806). In sensitivity analyses, exclusion of any
single study from the analysis did not substantively
alter the overall result of our analysis. Eliminating
the prospective studies1,2,4 (18.0% versus 7.7%, OR
3.09, 95% CI 1.63e5.86, p¼ 0.0005) and eliminating ret-
rospective studies3,5e7 (23.0% versus 11.8%, OR 2.62,
95% CI 1.59e4.31, p¼ 0.0002) did not substantially
change the pooled point estimate. Additionally, elimi-
nating the studies with ultrasonography, CT scans, or
MRI as diagnostic modality4,7 (22.7% versus 9.7%,
OR 2.92, 95% CI 1.85e4.63, p< 0.0001) and eliminating
the studies with only clinical examination1e3,5,6 (16.2%
versus 10.2%, OR 2.45, 95% CI 1.14e5.24, p¼ 0.0211)
also did not substantially change the pooled point
estimate.
Three studies1,4,6 reported adjusted OR and 95% CI
for postoperative incision hernia, and all of them
demonstrated a statistically significant increased risk
of postoperative incision hernia in patients with
AAA. Pooled analysis of the three studies (represent-
ing 459 patients) demonstrated that patients with
AAA had a 5.4-fold increased risk of postoperative
incision hernia relative to patients with AOD
(adjusted OR 5.45, 95% CI 2.48e11.94, p< 0.0001).
There was no heterogeneity of results ( p¼ 0.7847)
nor publication bias ( p¼ 0.6015). In sensitivity analy-
ses, exclusion of any single study from the analysis
did not substantively alter the overall result of our
analysis.
Discussion
The results of our analysis suggest that patients with
AAA may have an approximately 3-fold increased
risk of postoperative incision hernia relative to pati-
ents with AOD (crude OR 2.79). Furthermore, patients
with AAA also have an approximately 3-fold in-
creased risk of inguinal hernia relative to patients
with AOD.
The incidence of incisional hernia reported in these
studies is higher than widely appreciated (21.0% in
AAA and 9.8% in AOD). This finding may in part rep-
resent the great diligence with which incision hernia
was sought in these studies.6 The sensitivity analyses
demonstrated that the OR was smaller in the prospec-
tive studies (2.62) than the retrospective studies (3.09),Eur J Vasc Endovasc Surg Vol 33, February 2007but did not substantially change the pooled point
estimate.
In the studies included in the present review, the
highest incidence (20%)6 of postoperative incision her-
nia in AOD is twice the lowest one (10.2%)7 in AAA.
This variation may be due to heterogeneity in the
methodology. Musella et al.4 showed that ultrasono-
graphic evaluation is unreliable in the early detection
of abdominal wall hernia, supporting previous stud-
ies showing that approximately half of the patients
with abdominal wall hernia less than 5 cm are missed
by this technique.8 In their report,4 MRI was useful in
early diagnosis of abdominal wall hernia, even those
of small dimensions. Although the efficacy of ultra-
sound in diagnosing abdominal wall defects is
advocated,9 only CT provides findings comparable
to those of MRI.10 In the present systematic review,
eliminating the studies with ultrasonography, CT
scans, or MRI as diagnostic modality and eliminating
the studies with only clinical examination did not
substantially change the pooled point estimate.
The traditionally recognized risks of incision hernia
formation were not influential on the outcomes in the
studies in this review. In the study by Liapis et al.,1
neither age, gender, smoking, coronary artery disease,
diabetes mellitus (DM), hypercholesterolemia, nor hy-
pertension were independently associated with the
development of postoperative incision hernia. In the
study by Musella et al.,4 the major risk factors, includ-
ing DM, smoking, chronic obstructive pulmonary dis-
ease (COPD), age, and gender were not independent
variables associated with the onset of postoperative
abdominal wall hernia. In the study by Holland
et al.,6 neither age, COPD, DM, smoking, nor obesity
were associated with incision hernia. Indeed in the
present systematic review, pooled analysis of the
adjusted OR in these three studies1,4,6 did not substan-
tively alter the overall result of our analysis.
The development of AAA correlates with abnormal
homeostasis between proteolytic and antiproteolytic
activity,11 and increased blood proteolytic activity
may play a role in the development of both AAA
and inguinal hernia.12 A constitutive and systemic
increase in type III collagen synthesis may result in
reduced collagen fibril assembly in the abdominal
wall, eventually leading to the development of her-
nia,13 and the turnover of type III collagen is increased
in patients with AAA.14 Aberrant synthesis of type III
collagen, as a consequence of both a coding sequence
mutation and other factors contributing to reduced
secretion of type III procollagen, will result in the de-
velopment of AAA.15 The metabolism of type III col-
lagen is increased in patients with AAA, in contrast
to type I collagen.16 The altered synthesis of type I
181Incision Hernia in AAA vs Aortoiliac Occlusive Diseaseand type III collagen in cultured skin fibroblasts sug-
gests a disorder of collagen metabolism, at least in
patients with recurrent hernia.17 In atherosclerosis
and restenosis, biglycan expression is increased in
comparison with normal artery, and the marked de-
crease in biglycan mRNA levels is unique to AAA.18
This decrease in biglycan expression may reflect im-
portant regulatory changes specific for AAA, and a de-
crease in biglycan gene expression and biosynthesis
could have a broad impact on the physiology and
matrix architecture of the aorta. A number of gene ex-
pressions are different in AAA and AOD. Three genes
of collagen VI alpha1, glycoprotein IIIA, and alpha2-
macroglobulin were downregulated in AAA, while
genes of laminin alpha4 and insulin-like growth factor
2 receptor were upregulated in AOD.19
Patients with AAA appear to have an approxi-
mately 3-fold increase of risk for both inguinal and
postoperative incision hernia compared to patients
with AOD, but due to the methodological defects in
the existing literature no definite conclusion can be
drawn. A large multi-centre prospective study is
needed to confirm the results of this review.
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